We report a case of a young kidney transplant candidate presented with severe and clinically completely asymptomatic mitral stenosis. The bedside Echocardiogram was helpful to establish the diagnosis. The surgery had to be postponed and the patient was referred to a cardiologist for the further workup. This case report provides solid evidence that the renal transplant candidates are a very unique group of patients with specific disease development course. Their preoperative workup cannot be based on widely used guidelines from American College of Cardiology and American Heart Association that are relying on clinical symptoms and presentation of cardiac disease. All physicians who are involved in the care of these patients and making decisions about their candidacy for the transplantation should take into account severity and very often asymptomatic presentation of the cardiovascular complications of the end stage renal disease. This case provides a good example of the importance of the multispecialty involvement and coordination in perioperative care for prospective kidney transplant candidates.
Introduction
Renal transplantation became a preferred treatment option for most patients with end-stage renal disease (ESRD). The first year graft survival ranges between 90% and 95% [1] . With this high success rate and increasing demand, the transplant list waiting time has been extended significantly. According to the Organ Procurement and Transplant Network (OPTN) records, nearly 85,000 candidates were on the waiting list for kidney transplantation in 2010 and only 17,700 kidney transplant were performed [2] . All these factors determine the development of a new trend to accept older patients, patients with obesity and cardiovascular disease for the kidney transplantation. Cardiovascular disease-including congestive heart failure (CHF), coronary artery disease (CAD), cerebrovascular disease, and peripheral vascular disease (PVD)-common in patients with ESRD, and the risk of cardiac death in dialysis patients has been shown to be 10 -20 times greater than that in general patient population [3] .
That is why conducting clinically appropriate and cost-effective cardiac evaluation among transplant candidates presents a challenging task for the clinicians.
Case Presentation
The patient is a 28-year-old male with past medical history of hypertension (HTN) secondary to focal glomerulosclerosis, end stage renal disease on hemodialysis for the past 16 years. He demonstrated good exercise tolerance by walking more than 15 blocks a day and lifting weights for more than an hour few times per week without exhibiting any symptoms. The patient was scheduled to undergo kidney transplantation. As a part of a routine work up he presented for a preoperative cardiac evaluation. His physical examination was remarkable for 3/6 holosystolic murmur (HSM) at the left lateral sternal boarder and increased left ventricular impulse. Taking in consideration the results of his physical examination the patient was referred for an echocardiography (Echo).
His laboratory studies revealed hemoglobin 11.4 g/dl, platelets 176,000, potassium 5.8 meq/l, creatinine 16 mg/dl, BUN 48 mg/dl, calculated GFR 6 ml/min.
The patient missed his scheduled Echo appointment. The preoperative Echo study was performed on the day when the patient was called as soon as a suitable organ became available. His echocardiogram demonstrated severe concentric left ventricular (LV) remodeling with left ventricular hyperkinesis and estimated EF 85%. The exam also revealed severe mitral valve stenosis with pressure gradient of 16.9 mmHg. The right and left ventricles appeared to be normal with minimal tricuspid valve regurgitation.
The transplant surgery was postponed and the patient was referred to a cardiologist for the further work up and possible mitral valve replacement.
Discussion
The development of kidney failure associated with annual mortality approaching 25 percent of affected patients population. Cardiovascular events are the leading cause of mortality in ESRD patients, accounting for over 50 percent of all deaths [4] . Kidney transplantation is considered the standard of care for this high-risk patients largely because of up to 10-fold reduction rate of cardiovascular events compared to the dialysis population [3] .
The pathogenesis of cardiac disease development is unique in this patient population. In 27% of hemodialysis patients CAD is caused by non-atherosclerotic disease [5] . Left ventricular (LV) structure and function are altered as a result of a chronic fluid overload. It causes LV hypertrophy with increased myocyte length and thickening. Initially, the LV hypertrophy is adaptive and beneficial in maintaining stable wall stress. However, continuing LV overload leads to myocyte death, development of myocardial fibrosis, and diastolic dysfunction. As the result of these changes the LV volume-pressure curve is displaced to the left. At this stage the small changes in LV volume result in large changes in LV pressure, predisposing to symptomatic LV failure. Myocyte death induces LV dilation and eventually leads to systolic dysfunction. All above mentioned processes as well as hyperparathyroidism, and uremia compromise coronary vessels perfusion. Blood flow overload causes not only LV remodeling but also vascular remodeling promoting the development of accelerated arteriosclerosis with thickened, dilated, and non-compliant arteries.
An observational study in the ESRD population has demonstrated an increased incidence of aortic and mitral valve calcification mostly related to calcium and phosphate metabolism [6] . The same study emphasized an asymptomatic development and a rapid rate of progression of valvular disease in renal failure patients. Emerging research in the dialysis population has suggested that other factors such as neopterin (a marker of cellular immune system activation) may play a roll in the rapid progression of valvular disease [7] . In case of the mitral valve disease development valvular calcification may begin as a mitral annular calcification with encroachment into both mitral leaflets leading to mitral regurgitation (MR), mitral stenosis (MS) and both. In the clinical assessment of the severity of the mitral valve disease especially in the case of regurgitation it is very important to evaluate the patient immediately after dialysis. The volume status of the patient will significantly affect the de-gree of MR.
All these unique clinical characteristics and atypical presentation of the cardiac disease in the ESRD patient population made the existing American College of Cardiology (ACC) and American Heart Association (AHA) "Guidelines on Perioperative Cardiovascular Evaluation and Care for Non-Cardiac Surgery" not applicable for this group of patients. It is extremely important to remember that "absence of cardiac symptoms" may differ in transplant candidates compared with the general population. The ACC/AHA guidelines were created in consideration that non-cardiac surgery will be performed shortly after evaluation and any management decisions will affect perioperative short-term outcome. In contrast, cardiac evaluation and interventions in transplant candidates should be considered from both short and long term prospective.
The American Heart Association and American College of Cardiology Foundation (AHA/ACCF) conducted a comprehensive review of the literature relevant to the perioperative cardiac evaluation of potential kidney and liver transplant recipients. This review included an incidence and prevalence of CAD and valvular disease in this patient population; incidence of major adverse cardiac events before and after transplantation; accuracy of clinical risk markers, symptoms, and non-invasive testing before and after transplant listing, as well as clinical outcomes of revascularization and the medical management of atherosclerosis [8] . The most compelling goals of this review are the perioperative cardiac risk evaluation and reduction of the morbidity and mortality in transplant candidates.
According to the AHA/ACCF scientific statement, it is reasonable to perform preoperative assessment of left ventricular function by echocardiography (Class IIa evidence). Overall, the management of valvular heart disease in renal transplant candidates is similar to that in the general population [9] .
However, there are few specific issues which are typical for renal transplant candidates only. First, the large retrospective study of 35,215 patients on the kidney transplantation waitlist suggested that uncorrected valve disease is a barrier to transplantation [10] . Also, transplantation rates were not reduced among the patients with surgically corrected valvular disease. Hospitalization rates for the heart failure were lower after transplantation. Second, ESRD patients have increased incidence of the aortic and mitral valve disease that requires valve replacement surgery [11] .
Unfortunately, in spite of improved renal function after transplantation nearly 40% of the patients have experienced a cardiovascular event at 36 months after the surgery with congestive heart failure and myocardial infarction being the most common events [12] .
Conclusion
Taking into consideration all available scientific evidence and the history of our patient presentation, we can conclude that preoperative non-invasive cardiac testing of transplant candidates might yield findings that can affect the decision of the particular patient's transplant candidacy and warrant interventions before listing.
